7 8 3 1 ability to synthesize gossypol except root system. Moreover, root system produced the 3 2 racemic gossypol and plant synthesized the optically active gossypol. The expression 3 3 profiling of key genes in the gossypol biosynthetic pathway suggested that 3 4 downstream key genes had relatively high expression levels in root systems which 3 5 confirmed that gossypol was mainly synthesized in the root systems. Taken together, 3 6
rootstock material in this study. This was obtained from Jilin Province, China. University, China. The seedlings with two true leaves were used as the scions and were also grafted on glanded cotton rootstocks (CRI49).
4 2
After the operation of grafting, the soil was watered, and the grafted cotton 1 4 3 seedlings were covered with the plastic bags and grown under 28 ± 2 . About four 1 4 4 days later, the seedlings were covered by the plastic bags poked with 4 small holes for 1 4 5 gas exchange. Two weeks later, the plastic bags were removed from the seedlings. Leaves from the grafted cotton were sampled during the growth season and 1 4 7 cottonseeds were sampled at the harvest stage for determination of gossypol content were prepared by dissolving 0.01 mg of HPLC-grade gossypol in 10 mL of 1 7 1 acetonitrile and then adding 0.001, 0.002, 0.005, 0.050, 0.100, 0.200, 0.500, 0.800, Standard gossypol and sample solutions were water bathed at 75 for 45 min. Sample suspensions were filtered through quantitative filter paper followed by a The pigment glands of the leaves were observed and taken as images through an 1 9 0
Olympus dissecting microscope (LEICA MZ95, Germany) with a digital camera. Density and size of the pigment glands in the images were measured by the Image Pro Plus (V6.0) software. protocol. Primers for quantitative RT-PCR (qRT-PCT) were designed with the Primer 2 0 0 5.0 software. All primers used in the experiment are listed in Supplementary Table S1 .
The amplification reactions of qRT-PCR were performed with Lightcycler 96 system Statistical analysis for (±)-gossypol content and pigment glands was carried out by 2 1 0 SPSS20.0. Data were represented as mean ± SD, P < 0.05, and values of P < 0.01 2 1 1 were considered as statistically significant and extremely significant. Two pairs of NILS were grown in the greenhouse, and different parts of plants were In cotyledon, at the germination stage, the gossypol contents in glanded cotton, 2 1 8 CRI17 and Coker312 (9.384 and 8.722 μ g/mg), were much higher than that of their 2 1 9
corresponding glandless isogenic lines, CRI17W and Coker312W (0.011 and 0.008 transported from the cotyledons to other tissues in glanded cotton, while for their 2 2 6 isogenic glandless plants, it was accumulated in cotyledon.
7
In seed roots, at the germination stage, the gossypol contents of CRI17 and 2 2 8
Coker312 were 0.986 and 0.768 μ g/mg, which were much higher than that in their 2 2 9 glandless isogenic lines, CRI17W and Coker312W (0.033 and 0.023 μ g/mg). As 2 3 0 seedlings grew, the gossypol contents were increased and reached the peak levels at 2 3 1 the one true leaf stage in all four cultivars. Moreover, the content in glandless plants 2 3 2 was greater than that of their glanded isogenic lines. Thus, it was illustrated that the 2 3 3 plant started to produce gossypol after seed germination,. Similarly, in leaves, the gossypol contents of glanded cotton were much higher than 2 3 5 their glandless isogenic lines. Although gossypol contents were increasing with the 2 3 6
growth of gossypol and reached the peak at the two leaves stage. Exactly, the contents The dynamic tendency of gossypol suggested that the gossypol was synthesized in To investigate the effect of root system on the gossypol biosynthesis, different 2 4 7 combinations of plant grafting were performed ( Supplementary Fig. S2 ). This suggested that root system impacted the content of gossypol in the 2 7 3 aboveground part, but there was no effect on the expression of pigment glands. Furthermore, root systems of both glanded and glandless plants had the ability to 2 7 5 synthesize (±)-gossypol, but their ability was differed. Grafting between sunflower and glanded cotton 2 7 7
To further confirm gossypol biosynthesis of cotton root system, the glanded cotton scions survived for a month (Fig. 3) .
The dynamic content of (±)-gossypol in scion leaves was detected by HPLC 2 8 3 method. As the results shown ( Fig. 4) , at 0 day of grafting, the contents of (+), (-) and still got extreme significant decrease by 16.64%, 33.28% and 23.11% respectively.
Meanwhile, the contents of (+) and (±)-gossypol in the scions with regenerated roots 2 9 1 were still increased by 5.37% and 8.48%, but they were not significant statistically, 2 9 2 while the content of (-)-gossypol showed a significant increase by 12.21%. On the 2 9 3 other hand, compared with the scions without regenerated roots, the content of (+), (-) 2 9 4
and (±)-gossypol in the scions with regenerated roots were extremely and 2 9 5 significantly higher at the same time after grafting. Thus, it was indicated that 2 9 6 regenerated root had the ability to synthesize gossypol. Gossypol change during the tissues culture in vitro 2 9 8
In order to investigate the metabolism of gossypol, the root tip culture and rootless Results showed that the gossypol contents in the root systems of the glanded and glandless cotton root systems during cultured in vitro, it was clearly indicated that 3 1 4 both had almost same ability of gossypol biosynthesis, although there was a 3 1 5 significant difference in gossypol content at two days which was due to the initial 3 1 6 gossypol contents of the cottonseeds. The rootless seedlings culture in vitro produced two types of products, rootless are shown ( Fig. 6 ). For the glanded seedlings, both with and without generated roots, 3 2 0 the gossypol contents were decreased all the time due to presence of high gossypol 3 2 1 content in seeds. However, the gossypol contents of the seedlings with the regenerated 3 2 2 roots were extreme significantly higher than that of the seedlings without the the gossypol contents had been increasing, and contents in the seedlings with the 3 2 9 regenerated root were extremely significant higher than the rootless seedlings. Futher
it was observed that at eight days after culture, the gossypol contents in CRI17W and comparing the gossypol contents between glanded and glandless rootless seedlings 3 3 5 cultured in vitro, it was figured that the gossypol contents in glanded seedlings were 3 3 6 extreme significantly higher than that of glandless ones at the initial stage. Then the 3 3 7 gossypol contents decreased in glanded seedlings, while increased in glanded 3 3 8
seedlings. It was implied that the growth and development of seedlings need a certain 3 3 9 amount of gossypol, which is not enough in the glandless cotton, but too much for To investigate the gossypol isomers produced from different organs at different seedlings culture in vitro were measured ( Supplementary Table S2 and Supplementary 3 4 6 Table S3 ). The ratio of (+)/(-)-gossypol in the process of root tip culture maintained 3 4 7 stable around one (Fig. 7) , while in the rootless seedlings, the ratio was more than one 3 4 8 in the seedlings with the regenerated root for all the times after the regenerated roots 3 4 9
emerged. It implied that the gossypol produced by root system was racemic gossypol,
which was different from that produced by plant in which the (+)-gossypol was more 3 5 1 than (-)-gossypol. Besides, it was illustrated that the ability of root system to 3 5 2 synthesize gossypol was much greater than other organs. Several key genes in the biosynthesis pathway of gossypol were selected and 3 5 5
quantitative RT-PCR analysis in true leaf, cotyledon, secondary root, seed root and 3 5 6 stem of CRI17, CRI17W, Coker312, Coker312W and TM-1 was taken to reveal the 3 5 7 expression patterns of these key genes.
3 5 8
As the results showed (Fig. 8) , the key genes related to gossypol biosynthesis all highest. For the next key gene selected, FPS, the expression level in the root system 3 6 4 was highest, followed by true leaves. CAD1-A is another key gene in gossypol 3 6 5 biosynthesis pathway. It was more highly expressed in roots system of all cultivars 3 6 6 than other tissues. Moreover, the expression level of CAD1-A in seed root was higher 3 6 7 than that in secondary root. In the downstream of gossypol biosynthesis pathway, key 3 6 8 gene CYP706B1 also got the highest expression level in root system. In addition,
WRKY1, a transcription factor in gossypol biosynthesis, demonstrated high expression 3 7 0 levels in cotyledon and stem, and followed by root system. So, it is revealed that all 3 7 1
the key genes in gossypol pathway biosynthesis had a relative high expression level in 3 7 2
the root system except WRKY1 and a relative low expression level in the leaves. The were higher in root systems. Therefore, it suggested that the root system was the main organ responsible for gossypol biosynthesis in cotton plant. Gossypol is one of the most important secondary metabolites for cotton plant 3 7 8 growth and development (Adams et al., 1960; Zhou et al., 2013) . In our result that the 3 7 9
glanded rootless seedlings which had more gossypol generated the adventitious roots 3 8 0 significantly earlier than that of glandless ones, which might imply that the gossypol In this study, several new techniques which we first used to study the metabolism 4 5 5 of gossypol can be applied to other fields. As gossypol plays a significant role in 4 5 6 medical field as a medicine (Wang et al., 1987; Coutinho, 2002; Lopez et al., 2005) , In conclusion, our study proved that gossypol was mainly synthesized in the root the presence of pigment glands did affect the gossypol content of the cotton plants.
6 8
Our findings may help to elucidate the complex network of gossypol metabolism and 4 6 9
accelerate the process of excellent cotton breeding. The incubated root tips in the media; (E) The survived root systems. Table S3 : The content (mg/g) of (+), (-) and (±)-gossypol in the leaves of the scions 4 8 2 (CRI49) after grafting on the sunflower rootstocks at different times. 4 8 3 Table S4 : The content (mg/g) of (+), (-) and (±)-gossypol in the root systems at 
